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Abstract 
 CO2 capture process using aqueous Monoethanolamine (MEA) scrubbing is a well-proven and commercially-ready 
technology for reducing CO2 emission to the atmosphere. Although the MEA scrubbing is the one of the most 
suitable technologies for post-combustion CO2 capture, the MEA process has a critical problem which is high 
consumption of reboiler heat energy for solvent regeneration. In order to reduce the reboiler heat requirement, this 
paper suggests an advanced configuration of MEA process which consists of split flow and a phase separation heat 
exchanger. The split flow permits to reduce the reflux ratio in the stripper and the phase separation heat exchanger 
permits to alleviate preheating duty loss. As a result, the regeneration energy of the advanced process is reduced by 
2.84GJ/ton CO2, which is lower than one of the reference process by 27%. 
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CO2 capture process using aqueous Monoethanolamine (MEA) is one of the well-proven and 
commercially-ready technologies for reducing CO2 emission to the atmosphere. The MEA process has 
been considered as the most suitable technique for post-combustion CO2 capture due to its high reactivity 
for even low CO2 concentration flue gas. However, this MEA process consumes a lot of heat energy for 
solvent regeneration because the MEA solvent is aqueous based. The reboiler heat energy occupies about 
80% of the entire energy consumption for CO2 capture process. For this reason, various researchers have 
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focused on developing advanced MEA processes to reduce the reboiler heat requirement for solvent 
regeneration. The absorber intercooling [1,2], stripper interheating [3], lean vapor compression [4,5] and 
heat integration [6-8] process are the well-known examples. Although these processes successfully reduce 
the reboiler heat requirement, they still waste a large amount of heat energy for water vaporization in the 
reboiler. This paper shows the structural limit of the conventional MEA process and suggests an advanced 
stripper configuration to eliminate the waste heat for water vaporization in the reboiler. 
 
2. The conventional MEA process 
The conventional CO2 capture process using MEA scrubbing is shown in figure 1. The MEA process 
primarily consists of an absorber, a heat exchanger and a stripper. The CO2 in flue gas (Flue Gas) enters 
to the bottom of the absorber and the MEA solvent (Cold Lean MEA) enters to the top of the absorber. 
The MEA solvent selectively absorbs the CO2 via exothermic reaction. The CO2 rich solvent (Cold Rich 
MEA) drains the bottom of the absorber and passes through the heat exchanger for preheating. The 
preheated rich solvent (Hot Rich MEA) enters to the top of the stripper and desorbs the CO2 at high 
temperature condition. The CO2 is captured at top of the stripper and CO2 lean solvent (Hot Lean MEA) 
drains the bottom of the stripper. After the lean solvent is cooled by passing through the heat exchanger 
and a cooler, the cold lean solvent (Cold Lean MEA) is recycled and enters to the top of the absorber. 
 
Figure 1. The PFD of the conventional CO2 capture process using aqueous MEA scrubbing 
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Figure 2. The reboiler heat requirement according to the preheating temperature 
 
In the conventional MEA scrubbing process, the reboiler is the most energy intensive unit. The 
reboiler heat requirement is calculated by condenser cooling duty, heat exchanger preheating duty and 
enthalpy change as indicated in equation (1). In order to reduce the reboiler heat requirement, either the 
condenser cooling duty should decrease or heat exchanger preheating duty should increase when both 
inlet and outlet feeds are fixed. However, the condenser cooling duty increases when heat exchanger 
preheating duty increases because the water vapor pressure increases at high temperature condition as 
indicated in figure 2. Although the maximum preheating can be a superior strategy to reduce the reboiler 
heat requirement, the condenser cooling duty is also dramatically increased. It means more water 
vaporization energy supplied from the reboiler disappears at the condenser meaninglessly. For this reason, 
it is difficult to eliminate the condenser cooling duty with enough preheating. 
 
QReb = QCond - QHX + FB × hB + FD × hD - FF × hF = QCond - QHX + H   (1) 
 
3. Advanced MEA process 
In order to eliminate the condenser cooling duty and enhance the heat exchanger preheating duty 
simultaneously, this paper suggests an advanced MEA process. The advanced MEA process consists of 
cold solvent split and a phase separation heat exchanger as indicated in figure 3. First, in order to 
eliminate condenser cooling duty, the cold rich solvent (Cold Rich MEA) form the bottom of the absorber 
is split. The one of the cold rich solvent streams (Split Cold MEA I) enters to the top of the stripper 
without preheating. The split cold solvent directly cools the top of the stripper till the top reaches the 
condenser target temperature. As a result, the reflux flow and condenser cooling duty are eliminated. 
Although the cold solvent split permits to eliminate the condenser cooling duty, it causes to reduce the 
heat exchanger preheating duty. Because the heat exchanger cold inlet stream (Split Cold MEA II) is split, 
the cold stream’s heat capacity is reduced. In order to compensate for the cold stream’s heat capacity loss, 
the cold rich solvent is vaporized in kettle type heat exchanger in depressurized condition. Because the 
cold stream’s heat capacity dramatically increases due to water vaporization, the heat exchanger 
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preheating duty also increases. The preheated solvent (Hot Rich MEA) enters to the middle of the stripper 
after passing through the pump and the vaporized steam (Hot Steam) enters to the bottom of the stripper 
after passing through the compressor. As a result, these three stripper inlet feeds’ temperatures are 
equivalent to that of the each inlet stage temperature. 
 
Figure 3. An advanced MEA process combined with the cold solvent split and rich vapor compression 
 
4. Simulation specification and result 
In order to assure the energy reduction effect of the advanced MEA process, three kinds of models are 
established. The process flow diagram for reference process and maximum preheating process are 
equivalent to the conventional MEA process and advanced process consists of cold solvent split and 
phase separation heat exchanger as indicated in figure 4. The reference process is based on 0.1 MW CO2 
capture pilot plant facility and operating data in Boryeong, South Korea. The target preheating 
temperature is 95°C and the stripper operating pressure is 2 bar. The maximum preheating process 
enhances the target preheating temperature to 105°C, which satisfies the minimum temperature approach 
of 10°C. The advanced MEA process splits the cold solvent and 23% of cold stream enters to the top of 
the stripper and 77% of the cold stream enters to the heat exchanger. The kettle type heat exchanger 
operating pressure is set at 1 bar and the heat exchanger minimum temperature approach is also set at 
10°C. In order to compensate for the pressure drop at the heat exchanger, additional pump and 
compressor are installed.           
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Figure 4. The simulation PFD for conventional MEA process (a) and advanced MEA process (b) 
 
The simulation result for each process is summarized in table 1 below. Because the advanced process 
involves the additional compressor duty, the energy balance equation (1) should include the compressor 
energy term as shown in equation (2). This simulation result of reboiler heat requirement is equivalent to 
the calculation result of the reboiler heat requirement by equation (2). In maximum preheating process, 
0.34 GJ/ton CO2 of condenser cooling duty and the 0.82 GJ/ton CO2 of preheating are increased, 
respectively. As a result, the net energy reduction effect is 0.48 GJ/ton CO2 or 13% compared with the 
reference process. In advanced process, the 0.53 GJ/ton CO2 of condenser cooling duty is eliminated by 
cold solvent split and 0.60 GJ/ton CO2 of heat exchanger preheating duty is increased. Considering the 
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compressor electrical duty, the solvent regeneration energy is calculated by equation (3). The net energy 
reduction effect is 1.04 GJ/ton or 27% compared with the reference process and 0.55 GJ/ton CO2 or 16% 
compared with the maximum preheating process. 
 
QReb = QCond - QHX - EComp+ H       (2) 
ERegen = QReb + EComp Ő2        (3) 
 
Table 1. The energy requirement for solvent regeneration for each process 
Process H 
[GJ/tCO2] 
QCond 
[GJ/tCO2] 
QHX 
[GJ/tCO2] 
QReb 
[GJ/tCO2] 
EComp 
[GJ/tCO2] 
ERegen 
[GJ/tCO2] 
Reference Process 6.15 0.53 2.82 3.87 - 3.87 
Maximum Preheating process 6.15 0.87 3.64 3.39 - 3.39 
Advanced Process 6.15 0.00 3.42 2.66 0.09 2.84 
 
5. Conclusion 
Post combustion CO2 capture process using the aqueous Monoethanolamine (MEA) scrubbing is one 
of the most suitable techniques for reducing the CO2 emission to atmosphere. However, the MEA process 
wastes a significant amount of heat energy for water vaporization in the reboiler. It is difficult to alleviate 
this wasted energy because the conventional MEA process has a trade-off relationship between condenser 
cooling duty and heat exchanger preheating duty. In order to break this trade-off, this paper suggests an 
advanced stripper configuration consisting of cold solvent split and a phase separation heat exchanger. 
The cold solvent split permits to reduce the condenser cooling duty which corresponds to the amount of 
wasted energy for water vaporization. The phase separation heat exchanger permits to alleviate the heat 
exchanger preheating loss caused by cold solvent split. Although the advanced process needs to install an 
additional compressor, the compressor electrical duty is acceptable considering its energy saving effect. 
Consequently, the condenser cooling duty is completely eliminated and the preheating duty is increased 
compared with the reference process. The net energy reduction effect is 27% and 16% compared with the 
reference process and maximum preheating process, respectively.  
 
 
Nomenclature 
QReb reboiler heat requirement [GJ/hr] 
QHX heat exchanger preheating duty [GJ/hr] 
EComp compressor electricity duty [GJ/hr] 
ERegen solvent regeneration duty [GJ/hr] 
FB flow rate of the stripper bottom feed [kmol/hr] 
FD flow rate of the stripper distillate feed [kmol/hr]  
FF flow rate of the heat exchanger cold side inlet feed [kmol/hr] 
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hB molar enthalpy of the stripper bottom feed [GJ/kmol] 
hD molar enthalpy of the stripper distillate feed [GJ/kmol] 
hF molar enthalpy of the heat exchanger cold side inlet feed [GJ/kmol] 
H enthalpy change between stripper inlet feed and outlet feeds [GJ/hr] 
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